Secretogranin II (SgII) is a member of the granin family of proteins found in neuroendocrine and endocrine cells. The expression and storage of SgII in the pituitary gland of Old World primates and rodents have been linked with those of luteinizing hormone (LH). However, New World primates including squirrel monkeys do not express LH in the pituitary gland, but rather CG is expressed. If CG takes on the luteotropic role of LH in New World primates, SgII may be associated with the expression and storage of CG in the pituitary gland. The goal of this study was to evaluate the regulation and distribution of CG and SgII in the squirrel monkey. A DNA fragment containing approximately 750 bp of squirrel monkey SgII promoter was isolated from genomic DNA and found to contain a cyclic-AMP response element that is also present in the human SgII promoter and important for GnRH responsiveness. The squirrel monkey and human SgII promoters were similarly activated by GnRH in luciferase reporter gene assays in LbT2 cells. Double immunofluorescence microscopy demonstrated close association of SgII and CG in gonadotrophs of squirrel monkey pituitary gland. These results suggest that CG and SgII have a similar intercellular distribution and are coregulated in squirrel monkey pituitary gland.
Introduction
Secretogranin II (SgII) is a member of the granin family of tyrosine-sulfated, acidic proteins found in dense-core granules of neuroendocrine cells. The granin family also includes chromogranin A (CgA), chromogranin B (CgB), and several other secretogranin-like proteins [11, 13, 21, 34] . The physiological function of granins has been widely investigated; they aggregate at low pH and high calcium concentration and may act as mediators of peptide sorting into vesicles and granule formation in the regulated secretion pathway [6, 8, 12] . As the granins are secreted, it is also possible that they have extracellular functions [13, 18] .
Luteinizing hormone (LH), one of the critical regulators of reproductive function in Old World primates, is stored in and secreted from dense-core granules of the regulated pathway of the anterior pituitary gland. LH has been shown to colocalize with SgII in the bovine, rat, and sheep anterior pituitary [2, 7, 38] . The close association of LH and SgII was also shown in the pituitary glands of gonadotropin-releasing hormone (GnRH)-depleted male mice that resulted in intragranular co-aggregation of LH with SgII [8] . Upon GnRH stimulation, both LH and SgII are secreted and their expression upregulated [4, 10, 20, 31, 32] .
Recent studies have shown that New World primates, such as squirrel monkey and common marmoset, express chorionic gonadotropin (CG) in the anterior pituitary and do not express LH [19, 26] . Because CG assumes the luteotropic role of LH in New World primates, SgII may be involved in the sorting of CG to vesicles in the pituitary gland of these animals. In a companion paper, we show how squirrel monkey CGb is regulated in a pituitary-or placenta-specific manner using distinct promoter regions [37] . Here, we focus on the nature of CG storage in the squirrel monkey, ask whether the two proteins are coregulated by GnRH, and evaluate the distribution of squirrel monkey CG and SgII in the pituitary. We show that SgII and CGb promoters are both regulated by GnRH in pituitary cells and that CG and SgII are found in gonadotrophs in the squirrel monkey pituitary gland. These results suggest that in squirrel monkey SgII and CG are regulated and distributed in a manner similar to SgII and LH in the pituitary glands of other species.
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Materials and methods

Materials
Culture medium was obtained from Invitrogen (Carlsbad, CA). Fetal bovine serum (FBS) was purchased from Hyclone (Logan, UT). GnRH was obtained from Sigma (St. Louis, MO). pLuc-Link was kindly provided by Dr. Richard Day (University of Virginia). The luciferase reporter gene containing À869/+1 of the human SgII promoter has been described previously [27] . The 518B7 anti-bovine LH monoclonal antibody was provided by Dr. Janet F. Roser (University of California, Davis) and has been shown to react with human LH and marmoset CG [14, 24, 25, 33] . Rabbit polyclonal antibody to human SgII [35] was affinity-purified using a peptide corresponding to the first nineteen N-terminal amino acids of mature SgII protein, QRNQLLGKEPDLRLENVQK (United States Biologicals, Swampscott, MA). Specificity of the SgII antibody was determined by preadsorption with a heat stable fraction of PC12 cells which are abundant in SgII. Prolactin monoclonal antibody 6F11 has been described and its specificity has previously been established [28] [29] [30] . Goat anti-mouse fluorescein-conjugated and goat anti-rabbit Texas Red-conjugated antibodies were purchased from Jackson ImmunoResearch Laboratories, Inc. (West Grove, PA). Sudan Black B was obtained from Sigma. ProLong Gold anti-fading reagent with 4 0 , 6-diamidino-2-phenylindole (DAPI) was purchased from Invitrogen.
Cell culture
LbT2 mouse pituitary gonadotroph cells [1] were kindly provided by Dr. Pamela Mellon (University of California, San Diego) and were grown in DMEM, supplemented with 10% FBS, 50 U/mL penicillin G, and 0.05 mg/mL streptomycin. Epstein-Barr virustransformed squirrel monkey lymphoblast cells (SML) [22] were grown in RPMI 1640, 10% FBS, 4 mM L-glutamine, and antibiotics. Cells were grown at 37°C in a humidified atmosphere of 95% air-5% CO 2 .
Isolation of the squirrel monkey SgII promoter and construction of luciferase plasmid
Total genomic DNA was isolated from SML using the QIAGEN DNeasy Blood and Tissue Kit or the Flexigene Kit (QIAGEN, Valencia, CA). A DNA fragment containing the squirrel monkey SgII promoter was amplified from genomic DNA using forward primer 5 0 -TCT TCA ACC CAG CAT TTG ATC ATG CC-3 0 , corresponding to a sequence in the human SgII promoter approximately 1700 bp upstream of the transcription initiation site (224468853-224468876, NCBI Reference Sequence NC_000002.11). The reverse primer, 5 0 -TTC AGT TAT CCT ATC GAC ATC AGC TTG-3 0 , corresponds to a sequence in intron 1 of the squirrel monkey SgII gene that was obtained after PCR amplification of squirrel monkey genomic DNA with primers corresponding to sequences in exons 1 and 2 of the human SgII gene. The nucleotide sequences of squirrel monkey SgII promoter, exon 1 and exon 2 were submitted to GenBank with accession number GU132857. A KpnI linker sequence (underlined) was inserted using a primer, 5 0 -TAT GGT ACC TGT AAA GCA GTC ACA-3 0 , corresponding to À745 to À731 of the squirrel monkey SgII promoter (GU132857). A HindIII restriction site (underlined) was added using primer 5 0 -ATA AAG CTT GGC AGA GGA GCT C-3 0 , corresponding to +35 to +23 of the squirrel monkey SgII gene (GU132857). The fragment (À745 to +35) was digested with KpnI and HindIII and inserted into the KpnI-and HindIII-cut luciferase reporter vector, pLuc-Link [9] .
Luciferase reporter gene assays
Cells were plated at a density of 3 Â 10 5 cells/well in 6-well dishes. The next day, cells were transfected with 2 lg DNA/well of either promoterless pLuc-Link luciferase plasmid or luciferase plasmids containing fragments of either the squirrel monkey or human SgII promoter or the squirrel monkey CGb promoter using Superfect Transfection Reagent (QIAGEN) in complete medium for 3 h. Cells were washed, and fresh medium was added. The following day, after treatment with 100 nM GnRH for 6 h, cells were harvested in 300 lL ice-cold Monolight lysis buffer (BD Biosciences, San Jose, CA), and luciferase activity measured in a Monolight 2010 luminometer (Analytical Luminesence Laboratory, San Diego, CA). Results were normalized to the promoterless luciferase plasmid control. Experiments were performed at least three times.
Immunostaining
Formalin-fixed, paraffin-embedded pituitary glands from adult, female Bolivian squirrel monkeys were obtained from the Tissue and Biological Fluids Bank of the Center for Neotropical Primate Research and Resources of the University of South Alabama (USA). Formalin-fixed, paraffin-embedded human pituitary sections were obtained from the USA Department of Pathology. Tissues were sectioned at 5 lm. Slides were deparaffinized by two xylene washes (5 min each) followed by rehydration through serial steps of 100%, 70%, 50% ethanol and PBS for 2 min each. Antigen retrieval was performed by microwaving slides in 0.01 M sodium citrate buffer (pH 5.0) for 1.5 min at low power followed by 2 min at room temperature. This process was repeated nine times. Finally, slides were washed once in PBS and blocked with 5% normal goat serum (NGS) in PBS. Primary antibodies were incubated on the sections in 1% NGS in PBS. Affinity-purified rabbit anti-SgII antibody was used at a dilution of 1:2000, anti-CG 518B7 antibody was used at 1:100, and anti-prolactin 6F11 antibody was used at 1:25,000. After overnight incubation in a humidified chamber at 4°C, slides were allowed to come to room temperature, and washed three times in 0.02% NGS in PBS. Slides were then incubated for 1 h at room temperature with secondary antibodies to rabbit or mouse IgG conjugated to Texas Red or fluorescein, respectively, used at a dilution of 1:50 in 1% NGS in PBS. Slides were washed once in PBS with 0.02% NGS and three times in PBS alone. To block autofluorescence, sections were covered in 0.3% Sudan Black B dissolved in 70% ethanol for 10 min at room temperature, and washed ten times with PBS followed by a light-pressurized PBS wash from a squirt bottle. Slides were cover-slipped using ProLong Gold with DAPI anti-fading reagent, set overnight in the dark, and stored at À20°C. Micrographs were taken using a Nikon 80i upright microscope.
Statistical analysis
Statistical analysis was performed by using GraphPad Prism version 4.0 software (San Diego, CA). Comparisons between multiple groups were performed by using a one-way ANOVA and the Newman-Keuls post hoc test. Values were considered significantly different when the P value was less than 0.05.
Results
Isolation and characterization of the squirrel monkey secretogranin II (SgII) promoter
In the squirrel monkey pituitary gland, if CG assumes the role of LH, CG would be expected to be coregulated and costored with the granin protein, SgII. To test this, the regulation of the squirrel monkey SgII and CGb promoters by GnRH were studied. A DNA fragment containing the squirrel monkey SgII promoter was isolated from genomic DNA. This sequence was compared to the human SgII promoter and was found to contain regions of similarity (86% identity). Comparison of the most proximal 179 bp of the SgII promoters yielded 94% identity between squirrel monkey and human SgII genes (Fig. 1) . Within this region, a cyclic-AMP response element (CRE) known to be important for GnRH-responsiveness of human SgII [32] is conserved in the squirrel monkey SgII promoter.
To determine whether the squirrel monkey SgII promoter is upregulated by GnRH, we transiently transfected LbT2 cells with a reporter gene containing 780 bp of 5 0 -flanking sequence of the squirrel monkey SgII gene or the promoterless vector and subsequently stimulated the cells with 100 nM GnRH or vehicle control. Because human SgII is known to be upregulated by GnRH, activity of the human SgII promoter was also measured. Stimulation of the squirrel monkey SgII promoter fragment by GnRH led to a 2.5-fold increase in activity that was similar to that found with human SgII promoter construct (Fig. 2) . In side-by-side experiments, GnRH evoked an approximately fourfold increase in squirrel monkey CGb promoter activity. These results demonstrate that the squirrel monkey SgII promoter shows similar activity to the human SgII promoter and that the squirrel monkey SgII and CGb promoters are both regulated by GnRH in pituitary cells.
Distribution of CG and SgII in squirrel monkey pituitary gland
Having demonstrated that the squirrel monkey SgII and CGb promoters are both regulated by GnRH, we investigated the distribution of CG and SgII in the pituitary gland. Cell nuclei were visualized using DAPI stain (Fig. 3A) . We observed a distinct population of cells exhibiting CG-positive staining that was localized to the perinuclear space and appeared granular in nature (Fig. 3B) . SgII immunoreactivity produced a similar pattern of granular staining located in the perinuclear space (Fig. 3C) . A subset of cells stained for SgII only. However, in a distinct population of cells staining for SgII and CG, the composite micrograph shows that CG is found with SgII in the same cells of the squirrel monkey pituitary (Fig. 3D) . As a positive control, sections of human pituitary gland were stained for LH and SgII, which have been shown to colocalize in human pituitary tissue [36] . As expected, LH and SgII colocalized in cells in the human pituitary gland and a subset of cells stained for SgII only (Fig. 3E) . Squirrel monkey pituitary tissue was also stained for prolactin and SgII, which normally do not colocalize [5, 23] . As expected, prolactin and SgII were found in distinct and separate cell populations in the squirrel monkey pituitary gland (Fig. 3F ).
Discussion
In this study, we investigated the characteristics of storage of CG and its regulation and distribution with SgII in the pituitary gland of squirrel monkeys. The granins are thought to act as mediators of protein aggregation and sorting into the regulated secretory pathway [6, 11, 13] . Since some pituitary hormones, including LH, are coregulated and costored with SgII, it follows that CG and SgII may be similarly regulated and distributed in the squirrel monkey pituitary, which expresses CG in place of LH. Our results show that the squirrel monkey SgII and CG promoters are both activated by GnRH and that CG and SgII are similarly distributed in gonadotrophs of the squirrel monkey pituitary gland.
The activity of the squirrel monkey SgII promoter was upregulated by GnRH, consistent with the GnRH-induction of SgII in other species [32, 39] . We show that the squirrel monkey SgII promoter contains an intact CRE [3] . The GnRH-responsiveness of the rat SgII promoter is conferred through a canonical CRE via binding of CRE-binding protein (CREB) in pituitary cells [32] . However, other factors such as the activating protein factor-3 and c-Jun are also involved in the GnRH regulation of the SgII promoter [39] . Further studies are needed to determine the specific transfactors and signaling pathways involved in what is likely to be complex regulation of the squirrel monkey SgII promoter by GnRH.
We show that the storage of CG in squirrel monkey pituitary gonadotrophs appears to be closely associated with that of SgII, like the storage of LH and SgII in other species, although definite evidence for colocalization of SgII and CG will require ultrastructural analysis. It is possible that SgII plays an active and essential role in the formation of LH or CG containing granules, as has been suggested for proopiomelanocortin and CgA [17] . On the other hand, it is possible that LH and squirrel monkey CG have structural features that enhance their sorting to the regulated pathway on their own. The C-terminus of LH is thought to contribute to this sorting to granules [16] . CG is more complex because the carboxy-terminal peptide (CTP) of human CG may sort the protein to the constitutive pathway [15] . However, the CTP of squirrel monkey CG is different [26] . The four O-linked glycosylation sites present on the human CGb CTP do not exist on the squirrel monkey CGb. Rather, it is predicted that the squirrel monkey CGb contains two N-linked glycosylation sites, one of which is on the C-terminal extension. This change in glycosylation sites appears to be common to New World primates, as the common marmoset and owl monkey CGb peptide sequences also have the same predicted glycosylation patterns as squirrel monkey CGb [26] . Thus, it is possible that characteristics of the squirrel monkey CGb C-terminal peptide may contribute to its trafficking to a regulated secretory pathway in the squirrel monkey pituitary. Future studies are necessary to determine the relative roles of the squirrel monkey CGb CTP and SgII in the storage of CG in vesicles of the pituitary. immunohistochemistry. We thank Ms. Sandra Chapman and Subha Pyakurel for their technical assistance.
